Introduction

1
Maintenance of a eukaryotic cell is a daunting task of logistics. One key organizer ofhereafter) and the construct that contained activating mutations in the stalk 1 (KLP11G451E; S452E/ KLP20G444E, G445E; eeKLP11/20 hereafter), respectively 2 ( Figure 1A ). The corresponding fluorescent JaneliaFluor® dyes of the SNAP-and 3
Halo-tags (JF646 color coded red, JF549 color coded green) labeled the KLP11 and 4 KLP20 subunits with exclusive specificity [33, 34] 
15
Using our custom-built setup [21] , that we now extended with an additional channel 16 (see Materials and Methods), we performed dcFIONA experiments to track both 17 heads at the same time with exact temporal relation and nanometer resolution. At 18 limiting ATP concentrations, we resolved the stepping of each head individually 19 ( Figure 1B ). As expected, the step size of the dual-labeled eeKLP11 Halo /20 SNAP wasconsistent with our previous findings with the eeKLP11 Halo /20 motor that was labeled 1 on one head domain only (13.2 and13.9 nm vs 13.4 nm [21] ) (Suppl. 
9
The two heads of the KLP11/20 motor display distinct stepping behaviors 10
The dwell times for kinesin constructs that were labeled on one head only were 11
shown to be distributed according to a double exponential distribution [7, 21] . This 12 reflects the ATP-waiting time for the labeled head and the hidden step for the second 13 motor domain [7, 21] . In our measurements, we can now extract the dwell times in 14 the 'step primed' position, i.e. only the time a head spends in the trailing position 15 before it takes the step. 16 At limiting ATP concentrations, we measured the individual dwell times of the two 17 heads in the eeKLP11 Halo /20 Snap motor ( Figure 1B ). For these dual color 18 measurements, one single exponential distribution would be expected for each head 19 [35] . Intriguingly however, we observed two different distributions ( for run length data of the respective motors).
3
Previous tracking of one head domain in the homodimeric kinesin-1 at nanometer 4 resolution using FIONA already represented a major breakthrough given the small 8 5 nm net displacement of the motor [7] . Being able to trace two head domains 6 simultaneously with the dual color FIONA introduced here now allows the dissection 7 of the specific contributions of the head domains to the processive stepping and the 8 regulation thereof at the single molecule level. The next major experimental 9 challenge towards a comprehensive understanding of the kinesin stepping 10 mechanism will be the correlation of the stepping behavior to specific events in the 11 respective ATPase cycles of the motor domains. 12 13 1
Constructs and design 2
All constructs were based on the heteromeric kinesin-2 KLP11/20 active in the 3 intraflagellar transport in C. elegans. eeKLP mutations were performed as described 4 previously [26] . Halo-and SNAP-tags were fused to the n-terminus of the respective 5 sequences where applicable. The constructs used are: 6
• eeKLP11 Halo 7
• wtKLP11 SNAP 8
• eeKLP20 SNAP 9
• wtKLP20 Halo 10
Protein expression, purification and fluorescent labeling 11
All proteins were expressed and purified as described previously [21] . For 12 fluorescent labeling, JaneliaFluor® dyes JF549 and JF646 in Halo-and SNAP-13 conjugated variants were used [33] . The dyes were mixed 1:1 before incubation and 14 the incubation time with the dyes was prolonged to 90 minutes. 15
Microscope setup 16
Single molecule experiments were performed on a custom-built setup described 17 previously [21] . A 555 nm laser (Oxxius, France) was added to the setup as well as a 18 color split/recombine setup using a high-and a low-pass dichroic to offset the 19 channels on the camera chip. 
Data analysis 10
All data analysis was performed using ImageJ and custom routines implemented in 11
Matlab (Mathworks Inc.). Traces for speed and run length measurements were 12 extracted by identifying and following peaks depending on their brightness. A 13 position with subpixel accuracy for these traces was assigned using a radial center 14 approach [40] . Runs over several frames were connected by following peaks 15 according to their distance to a peak in the previous frame. Overall distances were 16 calculated with respect to the first detected position in a run. Speeds where then 17 calculated by performing a linear regression on the distance over time data and 18 extracting sequences, that fitted with an r-squared value higher than 95%. Run 19 lengths were determined from the maximum distance from the starting point for each 20 run. 21
For step detection experiments, a least-squares fit procedure was used to fit a 22
Gaussian profile to the peak data with a starting point deduced from the initial 23 detection of the brightest pixel. This fit provided a higher accuracy subpixel position 1 for each frame, compared to the radial center approach. Due to the lower speeds, 2 the distance over time traces show distinct relocation events. An implementation of 3 the Potts algorithm was used for step detection [41] . Single position spikes in the 4 distance traces were filtered out. The individual sizes of steps were calculated from 5 the mean distances before and after each step. 6
An algorithm was used to extract sequences of alternating steps in both channels. 7
Dwell times were then calculated from the time of a step in one color to the next step 8 in the other color. 9 
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Exponential fit parameter ± 95 % confidence interval. 
